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(57) ABSTRACT 

The invention includes a Semiconductor processing method 
wherein an insulative mass is formed acroSS a first electrical 
node and a Second electrical node. The mass has a pair of 
openings extending therethrough to the electrical nodes. The 
individual openings each have a periphery defined by one of 
the electrical nodes and at least one Sidewall. One of the 
openings extends to the first electrical node and is a first 
opening, and the other of the openings extends to the Second 
electrical node and is a Second opening. A dielectric material 
layer is formed within the openings to narrow the openings. 
Conductive material plugs are formed within the narrowed 
openings. The conductive material plug within the first 
opening is a first material plug, and is separated from the first 
electrical node by the dielectric material; and the conductive 
plug within the Second opening is a Second material plug, 
and is not separated from the Second electrical node by the 
dielectric material. The invention also includes a Semicon 
ductor assembly comprising an anti-fuse construction and an 
electrically conductive interconnect construction. 
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SEMCONDUCTOR ASSEMBLES 

TECHNICAL FIELD 

0001. The invention pertains to semiconductor process 
ing methods which can be utilized for forming Semiconduc 
tor constructions. In particular applications, the invention 
encompasses methods of forming anti-fuse constructions 
while forming conductive interconnects. The invention also 
pertains to Semiconductor assemblies. 

BACKGROUND OF THE INVENTION 

0002. It is a continuing goal of Semiconductor processing 
to reduce the number of fabrication StepS utilized in forming 
semiconductor devices. One method by which the number of 
fabrication Steps can be reduced is to utilize common 
fabrication Steps in forming two or more Separate devices. 
The present invention encompasses new methods of utiliz 
ing common processing Steps to Simultaneously form por 
tions of two or more different Semiconductor Structures. 

SUMMARY OF THE INVENTION 

0003. In one aspect, the invention encompasses a semi 
conductor processing method wherein an insulative mass is 
formed acroSS a first electrical node and a Second electrical 
node. The mass has a pair of openings extending there 
through to the electrical nodes. The individual openings each 
have a periphery defined by one of the electrical nodes and 
at least one sidewall. One of the openings extends to the first 
electrical node and is a first opening, and the other of the 
openings extends to the Second electrical node and is a 
Second opening. A dielectric material layer is formed within 
the openings to narrow the openings. Conductive material 
plugs are formed within the narrowed openings. The con 
ductive material plug within the first opening is a first 
material plug, and is Separated from the first electrical node 
by the dielectric material; and the conductive plug within the 
Second opening is a Second material plug, and is not sepa 
rated from the second electrical node by the dielectric 
material. 

0004. In another aspect, the invention encompasses a 
Semiconductor assembly comprising an anti-fuse construc 
tion and an electrically conductive interconnect construc 
tion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0005 Preferred embodiments of the invention are 
described below with reference to the following accompa 
nying drawings. 
0006 FIG. 1 is a diagrammatic, cross-sectional view of 
a pair of fragments of a Semiconductor construction at a 
preliminary processing Step of a method of the present 
invention. 

0007 FIG. 2 is a view of the FIG. 1 fragments shown at 
a processing Step Subsequent to that of FIG. 1. 
0008 FIG. 3 is a view of the FIG. 1 fragments shown at 
a processing Step Subsequent to that of FIG. 2. 
0009 FIG. 4 is a view of the FIG. 1 fragments shown at 
a processing Step Subsequent to that of FIG. 3. 
0010 FIG. 5 is a view of the FIG. 1 fragments shown at 
a processing Step Subsequent to that of FIG. 4. 
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0011 FIG. 6 is a view of the FIG. 1 fragments shown at 
a processing step subsequent to that of FIG. 5. 
0012 FIG. 7 is a view of the FIG. 1 fragments shown at 
a processing Step Subsequent to that of FIG. 6. 
0013 FIG. 8 is a view of a pair of fragments of a 
Semiconductor construction shown at a preliminary proceSS 
ing Step of a Second method of the present invention. 
0014 FIG. 9 is a view of the FIG. 8 fragments shown at 
a processing step subsequent to that of FIG. 8. 
0.015 FIG. 10 is a view of the FIG. 8 fragments shown 
at a processing step Subsequent to that of FIG. 9. 
0016 FIG. 11 is a view of the FIG. 8 fragments shown 
at a processing step Subsequent to that of FIG. 10. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0017. This disclosure of the invention is submitted in 
furtherance of the constitutional purposes of the U.S. Patent 
Laws “to promote the progreSS of Science and useful arts” 
(Article 1, Section 8). 
0018. An exemplary method of the present invention is 
described with reference to FIGS. 1-7. Referring initially to 
FIG. 1, fragments of a semiconductor structure 10 are 
illustrated. Specifically, structure 10 is divided into a first 
fragmentary portion 12 and a Second fragmentary portion 
14. One of portions 12 and 14 can correspond to an n-well 
portion of a Semiconductor Structure and the other of por 
tions 12 and 14 can correspond to a p-well portion of the 
Semiconductor Structure in particular embodiments of the 
present invention. 
0019 Portion 12 comprises a substrate 16. Substrate 16 
can be, for example, monocrystalline Silicon lightly-doped 
with a background p-type dopant. To aid in interpretation of 
the claims that follow, the terms "semiconductive Substrate' 
and "Semiconductor Substrate' are defined to mean any 
construction comprising Semiconductive material, includ 
ing, but not limited to, bulk Semiconductive materials Such 
as a semiconductive wafer (either alone or in assemblies 
comprising other materials thereon), and Semiconductive 
material layers (either alone or in assemblies comprising 
other materials). The term “substrate” refers to any support 
ing Structure, including, but not limited to, the Semiconduc 
tive Substrates described above. 

0020 Spaced isolation regions 18 and 20 are formed 
within substrate 16. Isolation regions 18 and 20 can com 
prise, for example, Silicon dioxide formed in accordance 
with Shallow trench isolation methodologies. A conduc 
tively-doped diffusion region 22 is formed between Spaced 
isolation regions 18 and 20. Conductively-doped region 22 
can comprise either n-type dopant or p-type dopant. 
0021 Referring next to fragment 14, such comprises the 
Substrate 16, and comprises Spaced isolation regions 24 and 
26 formed within Substrate 16. Isolation regions 24 and 26 
can comprise, for example, Silicon dioxide. A conductively 
doped diffusion region 28 is formed between Spaced isola 
tion regions 24 and 26. Diffusion region 28 can comprise 
either n-type or p-type dopant. 
0022 Regions 22 and 28 of fragments 12 and 14 can be 
considered to be electrical nodes, and in particular aspects of 



US 2005/0194659 A1 

the invention can be considered to be a first electrical node 
and a Second electrical node, respectively. 

0023 Referring to FIG. 2, an insulative mass 30 is 
formed over fragments 12 and 14. Mass 30 can comprise, for 
example, borophosphosilicate glass (BPSG). Mass 30 com 
prises an upper Surface 31. 
0024. A pair of openings 32 and 34 are formed through 
insulative mass 30. Openings 32 and 34 can be considered 
to be first and Second openings, respectively. Opening 32 
comprises a periphery defined by Sidewalls 33 and at least a 
portion of an exposed surface 35 of electrical node 22. 
Opening 34 comprises a periphery defined by sidewalls 37 
and an exposed surface 39 of electrical node 28. Openings 
32 and 34 can have any of various geometries when viewed 
from a top-down orientation (Such a view is not shown), 
including, for example, a circular geometry. 

0.025. It is noted that although diffusion regions 22 and 28 
are shown formed prior to formation of openings 32 and 34, 
Such diffusion regions can also be formed after forming 
openings 32 and 34. 

0026 Referring to FIG.3, a dielectric layer 40 is formed 
within openings 32 and 34. Layer 40 only partially fills 
openings 32 and 34, and accordingly narrows openings 32 
and 34. The dielectric material of layer 40 is preferably 
formed simultaneously within both of openings 32 and 34, 
and can be formed by, for example, chemical vapor depo 
Sition. In exemplary constructions, the dielectric material of 
layer 40 can comprise, consist essentially of, or consist of 
silicon nitride (SiN.) or silicon oxynitride (SiON, 
wherein x, y and Z are greater than 0), and can be formed to 
a. thickness of, for example, from about 30 A to about 100 
A. 

0.027 Referring to FIG. 4, a protective mask 42 is formed 
over portion 12, while leaving portion 14 uncovered by Such 
protective mask. Protective mask 42 can comprise, for 
example, photoresist, and can be patterned to Selectively 
mask portion 12 and not portion 14, by, for example, 
photolithographic processing. Unprotected portion 14 is 
exposed to an anisotropic etch which removes dielectric 
material 40 from over upper surface 31 of insulative material 
30, and from over a predominant portion of the bottom 
periphery 39 of opening 34. The anisotropic etching of 
dielectric material 40 leaves a portion of material 40 along 
sidewalls 37 of opening 34 to define a spacer 41 around a 
lateral periphery of opening 34. 

0028 Referring to FIG. 5, a conductive mass 46 is 
formed within the narrowed openings 32 and 34. Conductive 
mass 46 can comprise conductively-doped silicon (Such as, 
for example, n-type or p-type doped polycrystalline silicon); 
and/or it can comprise one or more metals. If conductive 
material 46 comprises a metal, it can comprise, for example, 
one or more of tungsten, copper, or aluminum. Although 
conductive mass 46 is shown as a single homogeneous mass, 
it is to be understood that the mass can comprise multiple 
layers of conductive materials. For instance, conductive 
mass 46 can comprise a layer of titanium nitride, or a 
composite film of Ti followed by TiN, lying across dielectric 
material 40 and partially filling openings 32 and 34, and a 
remaining portion comprising tungsten. Mass 46 is prefer 
ably formed Simultaneously over fragments 12 and 14, and 
can be formed by, for example, Sputter deposition, physical 
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vapor deposition (PVD), and/or chemical vapor deposition 
(CVD) of appropriate materials, and/or chemical vapor 
deposition of Silicon which is simultaneously or Subse 
quently doped with one or more conductivity-enhancing 
dopants. 
0029) Referring to FIG. 6, fragments 12 and 14 are 
Subjected to planarization to remove mass 46 from over 
upper surface 31 of insulative mass 30. Suitable planariza 
tion can comprise, for example, chemical-mechanical pol 
ishing. In the shown embodiment, the planarization has also 
removed dielectric material 40 from over upper surface 31 
relative to portion 12. The conductive mass 46 remaining 
within opening 32 defines a first conductive material plug 
47, and the conductive mass 46 remaining within Second 
opening 34 defines a Second conductive material plug 49. 
First conductive material plug 47 is separated from first 
electrical node 22 by dielectric material 40, whereas second 
conductive material plug 49 is not separated from Second 
electrical node 28 by dielectric material 40. Accordingly, the 
first conductive material plug 47 is not in electrical contact 
with the first electrical node 22, but the second conductive 
material plug 49 is in electrical contact with the Second 
electrical node 28. In the shown embodiment, second con 
ductive material plug 49 is shown formed against an upper 
Surface 39 of second electrical node 28. 

0030 First conductive plug 47 is connected to a first 
electrical source 50, and second electrical plug 49 is con 
nected to a Second electrical power Source 51. Second plug 
49 defines an electrical interconnect between Second elec 
trical node 28 and second electrical Source 51; whereas first 
conductive plug 47, together with dielectric material 40 
defines an anti-fuse between first electrical node 22 and first 
electrical Source 50. 

0031 Referring to FIG. 7, fragment 12 is illustrated after 
Sufficient power has been provided to first conductive plug 
47 to rupture the dielectric material 40 and form an electrical 
connection between conductive plug 47 and first electrical 
node 22. In other words, sufficient power is provided to first 
conductive plug 47 to effectively “blow” the dielectric 
material of the anti-fuse and form an electrical interconnect 
between plug 47 and electrical node 22. 
0032. The embodiment described with reference to 
FIGS. 1-7 advantageously forms an anti-fuse structure (the 
structure comprising conductive plug 47 of FIG. 6) and a 
conductive interconnect (the structure comprising conduc 
tive plug 49 of FIG. 6) using common processing steps to 
form a dielectric material (40) within the anti-fuse and along 
Sidewall Surfaces of the conductive interconnect, and also 
utilizing common processing Steps to form the first conduc 
tive plug utilized in the anti-fuse and the Second conductive 
plug utilized in the conductive interconnect. In embodiments 
in which the dielectric material 40 is formed across frag 
ments 12 and 14 by a Simultaneous and common process, the 
dielectric material will have the Same chemical constituency 
acroSS both fragments. Also, in embodiments in which the 
conductive material of plugs 47 and 49 is formed across 
fragments 12 and 14 by a simultaneous and common pro 
ceSS, the plugs will have the same chemical constituency as 
one another. 

0033. The dielectric material 40 can have an advanta 
geous use as a barrier layer in the conductive interconnect 
structure of FIG. 6. Specifically, if dielectric material 40 
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comprises Silicon nitride, Such can alleviate or prevent 
diffusion of dopants from BPSG mass 30 to the conductive 
material of plug 46 and Vice versa. The consequences of 
Such unwanted cross-diffusion (e.g., p-type diffusion out of 
a p+ polysilicon plug and n-type dopant diffusion from the 
Surrounding borophosphosilicate glass, BPSG, into the p+ 
polysilicon plug) can include significantly higher resistance 
which can Severely degrade circuit performance. It is noted 
that Silicon nitride has been utilized for Such purpose in the 
past, however, the Silicon nitride utilized for Such purpose 
was not provided Simultaneously with Silicon nitride utilized 
in an anti-fuse during past processing methodology. 

0034. A second embodiment of the present invention is 
described with reference to FIGS. 8-11. Referring initially 
to FIG. 8, a semiconductor construction 100 is illustrated 
comprising fragments 102 and 104. Fragment 102 comprises 
a substrate 106 having a conductive material 108 formed 
thereover. Substrate 106 can comprise, for example, a Semi 
conductive material wafer lightly-doped with background 
p-type dopant, or can comprise other Semiconductor con 
structions. Conductive material 108 can comprise, for 
example, conductively-doped polysilicon and/or metal. In 
particular embodiments, conductive material 108 can com 
prise copper, titanium, tungsten and/or aluminum. Conduc 
tive material 108 is connected to other circuitry which is 
diagrammatically illustrated as 110. An insulative mass 112 
is formed over conductive material 108 and an opening 114 
extends through insulative mass 112 to an upper Surface of 
conductive material 108. A dielectric material 116 is formed 
within opening 114 to partially fill, and accordingly narrow, 
opening 114. Subsequently, a protective mask 118 is formed 
over dielectric material 116. Insulative material 112 dielec 
tric material 116 and protective mask 118 can comprise, for 
example, the same materials described previously for insu 
lative mass 30, dielectric material 40 and protective mask 
42, respectively. 

0.035 Referring to fragment 104, such comprises Sub 
strate 106. A conductive material 120 is formed over Sub 
Strate 106, and Such can comprise either conductively doped 
Silicon or metal, and can, for example, comprise the same 
materials described previously for conductive material 108. 
Conductive material 120 is connected to other circuitry 122 
as illustrated diagrammatically in FIG. 8. Insulative mass 
112 extends over conductive material 120, and an opening 
124 is formed through insulative mass 112 to an upper 
surface of conductive material 120. Subsequently, dielectric 
material 116 is formed within opening 124 to narrow the 
opening. Insulative mass 112 and dielectric material 116 can 
be formed over fragments 102 and 104 in common process 
ing steps; and further conductive materials 108 and 120 can 
be formed in common processing Steps. Conductive mate 
rials 108 and 120 can be considered first and second elec 
trical nodes, respectively. 

0036) Referring to FIG. 9, dielectric material 116 is 
anisotropically etched to remove the material from over an 
upper Surface of insulative mass 112, as well as from Over 
an upper surface of conductive material 120. The etched 
material 116 over portion 104 defines one or more spacers 
130 around a lateral periphery of opening 124. After the 
anisotropic etch of dielectric material 116 over fragment 
104, protective mass 118 (FIG. 8) is removed to leave the 
shown structure of portion 102 illustrated in FIG. 9. 
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0037 Referring to FIG. 10, a conductive material 132 is 
formed within openings 114 and 124. Conductive material 
132 can comprise, for example, conductively doped silicon 
and/or metal. Conductive material 132 can, for example, 
comprise the same materials described above with reference 
to conductive material 46. Conductive material 132 of 
portion 102 can be connected with a first power source 140, 
and conductive material 132 of portion 104 can be con 
nected with a Second power Source 142. In particular 
embodiments, power sources 140 and 142 can be the same 
as one another. Conductive material 132 within first opening 
114, together with the dielectric material 116 within first 
opening 114 defines an anti-fuse between power source 140 
and circuitry 110. (It is to be understood that even though 
140 is described as a power source and 110 is described as 
circuitry, the invention encompasses embodiments wherein 
110 is the power source and 140 is the circuitry.) In contrast, 
material 132 of portion 140 defines an electrical connection 
between power source 142 and circuitry 122. (It is to be 
understood that the invention encompasses embodiments 
wherein power Source 142 and circuitry 122 are reversed, 
Such that 142 corresponds to circuitry and 122 corresponds 
to a power Source.) 
0038) Referring to FIG. 11, construction 100 is illustrated 
after sufficient power has been provided relative to the 
anti-fuse structure of portion 102 to form an electrical 
connection 150 extending through dielectric material 116. 
Such electrical connection electrically connects conductive 
material 132 of portion 102 with first electrical node 108. 
0039. In compliance with the statute, the invention has 
been described in language more or less Specific as to 
Structural and methodical features. It is to be understood, 
however, that the invention is not limited to the specific 
features shown and described, Since the means herein dis 
closed comprise preferred forms of putting the invention 
into effect. The invention is, therefore, claimed in any of its 
forms or modifications within the proper Scope of the 
appended claims appropriately interpreted in accordance 
with the doctrine of equivalents. 

1-59. (canceled) 
60. A Semiconductor assembly, comprising: 

a Semiconductor Substrate having first and Second con 
ductively-doped diffusion regions extending therein; 

an insulative material over the Substrate; the insulative 
material having a first opening extending therethrough 
to the first diffusion region and having a Second open 
ing extending therethrough to the Second diffusion 
region; 

a dielectric material providing liners within the first and 
Second openings and having lateral peripheries Sub 
Stantially coextensive with lateral peripheries of the 
first and Second diffusion regions, the first liner extend 
ing entirely acroSS the first diffusion region at a bottom 
of the first opening; the Second liner not extending 
acroSS a predominant portion of the Second diffusion 
region at a bottom of the Second opening, 

conductive material plugs within the first and Second 
openings, the conductive material plug within the first 
opening being Spaced from the first diffusion region by 
the first liner; the conductive material plug within the 
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Second opening being in direct physical contact with 
the Second diffusion region; and 

the first diffusion region, dielectric material within the 
first opening, and conductive material plug within the 
first opening together being incorporated into an anti 
fuse construction. 

61. The semiconductor assembly of claim 60 wherein: 
the insulative material has a planar uppermost Surface; 
the first and Second liners have planar uppermost Surfaces 

coplanar with the planar uppermost Surface of the 
insulative material; and 

the conductive plugs within the first and Second openings 
have planar uppermost Surfaces coplanar with the pla 
nar uppermost Surface of the insulative material. 

62. The semiconductor assembly of claim 60 wherein the 
dielectric material comprises Silicon nitride. 

63. The semiconductor assembly of claim 62 wherein the 
dielectric material has a thickness of from about 30 A to 
about 100 A. 

64. The semiconductor assembly of claim 60 wherein the 
first diffusion region is a p-type doped diffusion region. 

65. The semiconductor assembly of claim 60 wherein the 
first diffusion region is an n-type doped diffusion region. 

66. The semiconductor assembly of claim 60 wherein the 
conductive plugs comprise conductively-doped Silicon. 

67. The semiconductor assembly of claim 60 wherein the 
conductive plugs comprise at least one metal. 

68. The semiconductor assembly of claim 67 wherein the 
at least one metal includes tungsten. 

69. The semiconductor assembly of claim 67 wherein the 
at least one metal includes copper. 

70. The semiconductor assembly of claim 67 wherein the 
at least one metal includes aluminum. 

71. A Semiconductor assembly, comprising: 
a Semiconductor Substrate having first and Second elec 

trical nodes Supported thereby; 
a layer over the Substrate; the layer having a first opening 

extending therethrough to the first node and having a 
Second opening extending therethrough to the Second 
node, 
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first and second dielectric material liners within the first 
and Second openings, respectively; 

conductive material plugs within the first and Second 
openings, the conductive material plug within the first 
opening being Separated from the first node by the first 
liner, and the conductive material plug within the 
Second opening extending through the Second liner to 
directly physically contact the Second node, 

the Second dielectric material liner having a planar upper 
most Surface coplanar with a planar uppermost Surface 
of the layer, and 

the first node, dielectric material within the first opening, 
and conductive material plug within the first opening 
together being incorporated into an anti-fuse construc 
tion. 

72. The semiconductor assembly of claim 71 wherein: 

the first and Second nodes are first and Second conduc 
tively-doped diffusion regions extending into a Semi 
conductive material of the Semiconductor Substrate; 
and 

the first liner extends across an entirety of the first 
diffusion region. 

73. The semiconductor assembly of claim 71 wherein the 
dielectric material comprises Silicon nitride. 

74. The semiconductor assembly of claim 73 wherein the 
dielectric material has a thickness of from about 30 A to 
about 100 A. 

75. The semiconductor assembly of claim 71 wherein the 
conductive plugs comprise conductively-doped silicon. 

76. The semiconductor assembly of claim 71 wherein the 
conductive plugs comprise at least one metal. 

77. The semiconductor assembly of claim 71 wherein the 
first and Second electrical nodes are metallic. 


